We study a sample of Narrow-line Seyfert 1 galaxies (NLS1) in their optical and radio features, in order to understand the differences between their radio silent, radio-loud and radio-quiet subclasses. We first show that the different redshift and mass distributions of radio-loud and -quiet NLS1s could be ascribed to observational biases. We then present a geometrical model according to which most of the different observational features of radio-loud and radio-quiet NLS1s are ascribed to the orientation of an intrinsically structured jet. We estimate the fraction of intrinsically jetted sources among NLS1s that justifies the observed radio-detected population. Noticeably, under the assumptions of the geometrical model, we derive a fraction of jetted sources significantly larger than in standard AGN.
Introduction
Narrow-line Seyfert 1 galaxies (NLS1s) are a sub-class of type I active galactic nuclei (AGN) characterized by the presence of broad emission lines (BELs) with a full width at half maximum FWHM ∼ < 2000 km s −1 (Goodrich 1989) , weak [OIII] lines (compared to the Hβ) and strong FeII emission (e.g. Osterbrock & Pogge 1985; Véron-Cetty et al. 2001) . NLS1s often show a X-ray continuum steeper and more variable than the average AGN (e.g. Boller et al. 1996; Green et al. 1993; Hayashida 2000) .
The narrow FWHM of the optical BELs has originally been ascribed to small BH masses, in some cases found smaller than predicted from M BH -host galaxy relations (Grupe & Mathur 2004) . In this "low M BH scenario" NLS1s would be characterized by close to Eddington accretion, with a normalized accretion rate f Edd = L/L Edd larger, on average, than Seyfert I with broader BELs (BLS1s) by an order of magnitude (e.g. Grupe & Mathur 2004) .
Relatively narrow BELs can also be interpreted as the result of a projection effect if the broad line region (BLR) has a disc geometry. Such a configuration is stable only if the gas emitting the broad lines moves mostly in the disc plane, and, as a consequence, lines emitted by the BLR discs that by chance are observed close to face-on would suffer a smaller Doppler broadening. Such dependence of the BELs FWHM on the BLR orientation has been commonly advocated to model the properties of blazars (Decarli et al. 2011) , radio-loud (RL) AGN (e.g. Wills & Browne 1986; Fine et al. 2011; Runnoe et al. 2013) , and for quasar in general (Labita et al. 2006; Decarli et al. 2008b; Shen & Ho 2014) . The BLR geometry can be directly tested with high quality reverberation mapping data, as the time and frequencies at which a single broad line responds to variations of the AGN continuum depend on the spatial distribution and velocity field of the emitting gas (Blandford & McKee 1982) . Only recently Pancoast et al. (2014b) and Grier et al. (2017) succeeded in constraining the disc geometry of a few BLRs taking advantage of high quality reverberation data coupled with the parametric dynamical model proposed by Pancoast et al. (2014a) . They modeled the individual BLRs as a collection of clouds whose positions and velocities are extracted by parametric distributions. In particular, the spatial distribution of the clouds would depend on the geometrical thickness of the BLR θ 0 , ranging from 0
• for a thin disc to 90
• for a spherical distribution. A nested sampling search through the parameter space resulted in 8 BLR (out of 9 AGN studied by the two teams) described by discs with thickness θ 0 < 40
• and inclination with respect to the line of sight θ i < 40
• . Decarli et al. (2008a) proposed a "geometrical scenario" for NLS1s assuming that these are standard Seyfert Is hosting BLRs with disc geometries observed close to face-on (see also Bian & Zhao 2004) . The angle within which AGN are seen as NLS1 has hence been estimated from their relative abundance. The resulting correction factor to M BH obtained from the deprojection shifts the distributions of NLS1 masses and f Edd on the top of those obtained from BLS1s, in agreement with independent estimates of the NLS1 M BH (Calderone et al. 2013) . Such a scenario could in principle be tested by reverberation mapping studies. Unfortunately, only 3 objects in Pancoast et al. (2014b) and Grier et al. (2017) are NLS1s, one of which (Mrk 1310) have been modeled as a disc with θ i ≈ 8
• , in agreement with the geometrical scenario, while the other 2 (Mrk 335 and PG 2130+099) are best modeled by higher inclinations (θ i ∼ 30
• in both cases).
The recent developments in the study of RL-NLS1s and the detection of γ emission from NLS1s by the Fermi satellite (e.g. Abdo et al. 2009; Foschini 2011 Foschini , 2012 D'Ammando et al. 2012 D'Ammando et al. , 2015 has re-ignited the interest in the field. The γ emission is caused by a relativistic jet quasi-aligned with the line of sight. Indeed RL-NLS1s have been interpreted as an early evolutionary phase that would eventually lead to fully developed blazars Foschini 2017) . It is interesting to note that A&A proofs: manuscript no. NLS1bis the radio-to-optical spectral energy distribution (SED) and variability of a large fraction of RL-NLS1s seem to indicate that the low frequency emission is dominated by a relativistic jet pointing toward us (Lähteenmäki et al. 2017) .
In the few NLS1s where the jet orientation was derived, the observed degree of jet alignment supports the geometrical scenario 1 . Under the geometric assumption, RL-, radio-quiet (RQ) and radio silent NLS1 should differ for the presence of a jet and its detectability. Such assumption has been debated as the mass and redshift distributions of RL-NLS1s and RQ-NLS1s seem to differ (Järvelä et al. 2015) . A tentative comparison between RLand RQ-NLS1 populations was also performed by Berton et al. (2015) , in their attempt to identify a parent population of the flat spectrum radio-loud NLS1s among steep spectrum RL-NLS1s, RQNLS1s and disk-hosted radio galaxies. Unfortunately, the flat spectrum RL-and RQ-NLS1 samples are still too poorly populated to draw strong conclusions.
In this study we first highlight some observational biases that could account for such apparent discrepancies (section 2), then we provide a physical interpretation of the observed γ-NLS1s and RL-NLS1s in the context of a simple model built on the assumptions of the "geometrical scenario" (section 3). Possible implications of the "geometrical scenario" are discussed in section 4.
2. Do RL-NLSy1 and RQ-NLSy1 belong to two distinct populations? Järvelä et al. (2015) studied the sources in Zhou et al. (2006) sample of NLS1 galaxies from the Sloan Digital Sky Survey (SDSS), by classifying them on the basis of their radio emissions and studying the distribution of the sub-populations.
Starting from a sample of 2011 sources in Zhou et al. (2006) , Järvelä et al. (2015) classified the sources in radio undetected NLS1s, RQ-NLS1s detected by the FIRST survey (97 sources, with a radio-loudness parameter defined as the ratio of 1.4 GHz radio flux density over 400 nm optical flux density R<10), and RL-NLS1s (195 sources with R>10). Järvelä et al. (2015) found different redshift distributions for RQ-NLS1s and RLNLS1s (mean z = 0.22 and z = 0.41 respectively), concluding that the two classes belong to intrinsically different populations. Most of radio-detected sources are close to the FIRST flux limit (i.e. 1mJy), possibly introducing some observational bias. While RL radio emission is dominated by the jet, detected RQ sources are often dominated by star formation in the same bands Järvelä et al. 2015; Padovani 2016) , often not showing jet features at all. Being intrinsically fainter in radio, RQ-NLS1s are therefore biased toward lower z, while RL sources can be detected up to higher z. This can be inferred from Fig. 1 , where we show the optical and radio luminosities (L 5100 , L 1.4GHz ) vs. the redshifts of Järvelä et al. (2015) NLS1 samples. RL-NLS1 sources are more uniformly distributed in both planes, as the non radio-detected sources. RQ-NLS1, instead, are mainly located at low z. We stress that less luminous but intrinsically RL-NLS1s could be classified as radio-silent, if their radio fluxes are below the FIRST detection limit, affecting the population studies of jetted NLS1. Some of these, in fact, could be classified as radio-silent sources, preventing us from distinguishing between intrinsically jetted and non-jetted sources.
1 In the RL-NLS1 PKS 2004-447 such scenario as been successfully tested through the spectro-polarimetry of the broad Hα line (Baldi et al. 2016) . (top) and radio (bottom) luminosities vs. redshift for the NLS1 subclasses. RQ-NLS1 (blue dots) are mainly located at low z. The few sources at higher z are among the most luminous: the radio flux sensitivity only allows to observe the peak of the iceberg. RL-NLS1 (red dots), instead, are more evenly distributed in luminosities and z: thanks to their larger radio flux, they are less affected by this observational bias compared with RQ sources. They will be missing in radio surveys from higher redshift than they RQ counterparts.
In addition to the properties directly measured from the observations, Järvelä et al. (2015) provided virial estimates of the M BH for each object following Greene & Ho (2005) :
where FWHM is the full width at half maximum of the broad Hβ line 2 and L 5100 is the monochromatic luminosity at 5100Å. Järvelä et al. (2015) concluded that the RQ-and RL-NLS1 populations have different M BH distributions (with mean log(M BH /M ⊙ ) = 6.96 and 7.18, respectively). The bias toward higher redshifts for RL-NLS1s can be (at least partially) responsible for the different M BH distributions. A second possible bias affecting the RL-NLS1s M BH is related to the non-thermal jet emission itself. As explored by Lähteenmäki et al. (2017) , when observed at multiple radio frequencies (1.4, 37GHz), RL-NLS1 often show beaming and variability features typical of blazars, i.e. sources with jets directed toward our line of sight. In that case, the jet emission often contributes to optical emission (Ghisellini et al. 2017; Giommi et al. 2012) , resulting in an overestimate of the 5100Å continuum luminosity henceforth of M BH . A significant contribution from the jet to the optical luminosity of RL-NLS1s has already been discussed in literature. Calderone et al. (2012) studied the example of B2 0954+25A, a blazar that on different observations taken at different epochs shows an optical emission either dominated by the jet or by the accretion disc 3 . Jets have been demonstrated to play an important role in the optical variability of RL-NLS1s in the Catalina Real Time Transient Survey (Rakshit & Stalin 2017) . Note that a substantial jet contamination in the optical luminosity could affect the observed NLS1 spectra: the equivalent widths of broad emission lines in jet-dominated sources should be smaller than their Shakura & Sunyaev (1973) disc profiles for the three sources, drawn with the virial masses by Järvelä et al. (2015) and normalised by forcing them to pass through the lowest frequency data point. Violet data, instead, show the discdominated profile of the RQ-NLS1 SDSS J144012.76+615633.2 (z = 0.276). The RL-NLS1s have an SED clearly not disc-like.
non-jetted counterparts. This could serve as a possible diagnostic to understand whether RL-NLS1s are truly contaminated by jet emission in their optical luminosity.
To test whether a jet-like power-law could contribute to the optical continuum in Järvela et al. RL-NLS1s, we studied their optical-UV slopes. At such frequencies, the jet emission is characterised by a negative power-law in ν − νL ν (see e.g. Ghisellini et al. 2017) , differently from the big blue bump typical of the disc emission. Hence, we studied the RL-NLS1 SEDs in the SDSS band. We noted that 152 out of 195 RL-NLS1s show a negative slope among the SDSS bands, with a profile similar to the blue data in Figure 2 . Of these, 23 out of 195 sources have a monotonically decreasing νL ν or show a single fluctuation from the monotonic profile, as the red and green examples in Figure 2 . We are aware that this characterisation does not guarantee a good sampling of jet-dominated sources, and a broader-band SED analysis would be needed to strongly confirm it. Nonetheless, this points toward a partial continuum contamination by the jet in a large number of RL-NLS1s, implying an overestimate of L 5100 , and therefore of M BH compared to RQNLS1s. Another possible cause for such a negative slope could be intrinsic dust absorption. Figure 2 includes three dashed lines, each representing a hypothetical accretion disc, modelled as a Shakura & Sunyaev (1973) multicolor black body, with virial masses derived by Järvelä et al. (2015) , and accretion rates set by fitting the lowest frequency point to the continuum disc emission of each object with decreasing slopes. If reddening by absorption had an important role for these sources, these disc profiles would be the lowest accretion rate solutions possible. By forcing this "fit", we obtain Eddington ratios of L d /L Edd ≃ 100, 10 and 420 for green, red and blue data respectively. A standard accretion disc with a fair amount of ionising radiation is not stable at such high Eddington ratios. Dust absorption has most likely a minor role in shaping the UV-optical SEDs of these sources.
A definite interpretation of the relative jet and disc contributions in the optical, along with a demonstration that the two distributions may be extracted from the same population, would require a detailed SED modeling including the contribution of all the components of an AGN. We are currently working on implementing the required modifications in QSFIT 4 , a free software package to automatically perform the analysis of AGN spectra (Calderone et al. 2016) . We postpone such analysis to a future investigation, while here we simply assume that orientation is the main parameter determining the classification of AGN as Seyfert I and NLS1s, and, for radio detected sources, between RQ-NLS1s, RL-NLS1s and γ-NLS1s. The consequences of such model assumption are highlighted in the next section.
Geometrical unification model for NLS1s
In the geometrical scenario the critical angle that discriminates between NLS1s and BLS1s (θ NLS1 ) can be obtained from the number ratio of the members of the two populations (Decarli et al. 2008a ). They found 13
• ∼ < θ NLS1 ∼ < 19
• . Here we extend their model to the sub-sample of RL-NLS1s and γ-NLS1s, under the assumptions that: (i) only a fraction f jet of NLS1s possess a jet, and (ii) that only objects that are seen close to face-on would be observed in γ or selected as RL (within a maximum inclination of θ γ−NLS1 and θ RL−NLS1 respectively) 5 . The second assumption is motivated by the "spine-layer" (SL) jet model, in which the central and fastest part of the jet, responsible for the γ emission, is embedded in a slower layer contributing to the radio flux (Ghisellini et al. 2005) . As reference values θ RL−NLS1 ≈ 7
• and θ γ−NLS1 ≈ 4
• , reasonable in the SL framework that we are following.
By simply comparing the solid angles involved, we can correlate the two critical angles with the ratio between the number of RL-NLS1s (N RL−NLS1 ) and that of all the NLS1 (N NLS1 ):
where f jet corrects for the intrinsic fraction of jetted sources. Under the assumption of a negligible radio flux limit effect, we can estimate f jet as the fraction of RL-NLS1 N RL−NLS1 /N NLS1 = 195/2011 observed by Järvelä et al. (2015) , we obtain 0.3 ∼ < f jet ∼ < 0.7, where the scatter depends on the assumed value of θ NLS1 . Interestingly, the fraction of intrinsically jetted NLS1s is quite higher than what typically assumed for AGN. This is not unexpected, though, as the high degree of alignment of the jet with the line-of-sight allows for the observation of intrinsically faint radio sources. As a consistency check that accounts for the radio flux limit effect, we performed a Monte-Carlo simulation to reproduce the radio-detected NLS1 sample by Järvelä et al. (2015) . We start from the NLS1 sample by Zhou et al. (2006) and randomly select a source with its z and observed optical luminosity. To this source, we assign (i) a random jet bulk velocity Γ and (ii) an intrinsic comoving radio luminosity L ′ r , both extracted from Gaussian distributions. Furthermore, we assigned a jet orientation θ v (with respect to the observer line of sight) drawn from a solid angle weighted distribution within a maximum angle of 20 • (RL-NLS1) and (9.56±3.53)
• (RQ-NLS1), and we can infer θ RL−NLS1 ∼ 9
• . Bottom panel: radio flux density distributions for simulated and real samples. Red and blue symbols and lines in all panels refer to simulated RL-and RQ-NLS1s, while black and green lines in the bottom one refers to the observed RL and RQ populations present in Järvela et al. (2015) . these parameters, we computed the source radio observed flux:
where δ = 1/Γ(1 − β cos θ v ) is the jet beaming factor and D L (z) is the luminosity distance. For each source, we thus compute the radio-loudness R = F r /F opt where for F opt we used the observed optical flux of this source as reported in Zhou et al. (2006) catalog. Our aim is to reproduce the radio-loudness properties of Järvelä et al. (2015) sample of NLS1, in terms of R and radio flux distributions, total number of radio detected RL-and RQNLS1s, and the relative number of RL-and RQ-NLS1s (these are our constraints). Therefore, we select in our simulated sample only those source with a radio flux larger than FIRST radio flux limit (1mJy) to be compared with Järvelä et al. (2015) , and suggests an average orientation angle of (6.22 ± 2.72)
• for RL-NLS1s, roughly consistent with our assumption on θ RL−NLS1 (7 • ). Interestingly, our test suggests that ∼ 1/3 RQ-NLS1s are dominated by SF in their radio emission, since they result underestimated in proportion to RL-NLS1s, if only the jet emission is considered contributing to the radio luminosity (in agreement with Järvelä et al. 2015) . As a note of caution, we stress that this test does not aim at reproducing source by source the NLS1s in Järvelä et al. (2015) , but rather their distribution (of R, radio fluxes and RL/RQ) as a radio flux-limited statistical sample. For completeness, we assumed an intrinsic optical-to-radio luminosity ratio for the jet component as in the jet-dominated state of B2 0954+25A (Calderone et al. 2012) . We similarly beamed the optical luminosity, derived the optical flux (see Eq. 3), and compared it with the observed optical flux. We find that in all the RQ sources the simulated optical flux is on average 1/50-1/100 of the observed one. In RL sources, instead, a minor fraction (∼ 5%) overestimates the observed optical flux, while in the majority of RL sources the jet emission likely contributes on the same level as the disc emission, being comparable but less than the observed flux. This effect, coupled with the redshift bias introduced in §2, is likely responsible of the apparently different black hole mass distributions in the RQ-and RL-NLS1 subclasses.
The previous analytic argument applied to the fraction of RL-NLS1 can be used to constrain the fraction of RL-NLS1s that would be observed with a γ-ray selection:
In this case, we will assume that all the RL-NLS1s host a jet (i.e. the contamination by SF radio emission is negligible), so that η The critical angles for a jetted NLS1 to be classified as RL-NLS1 or γ-NLS1 can be used to improve the estimates of their masses. Under the assumption that the BLR is virialized and lies within the influence sphere of the BH, M BH can be estimated through:
where R BLR is an estimate of the broad line region (BLR) size, and v BLR the typical velocity of BLR clouds. Eq. 5 implies Eq. 1 when R BLR is estimated through the R BLR -luminosity relations (Kaspi et al. 2000 (Kaspi et al. , 2005 Bentz et al. 2006 Bentz et al. , 2009 ) and v BLR is inferred from the Hβ width v BLR = f · FWHM. Here f is a fudge factor that depends on the geometry of the BLR that is usually set by comparing the M BH estimates obtained from Eq. 1 with independent mass estimates over a sample of Type I objects.
Under the assumption of a thick disc BLR (e.g. Collin et al. 2006) , f can be expressed for any AGN as:
where θ i is the angle between the normal to the BLR disc and the line of sight, and the aspect ration H/R is related to the relative importance of isotropic (e.g. turbulent) versus rotational motions. Here we will assume H/R ≈ 0.1, since such value can resolve the possibly not physical discrepancy between NLS1 and BLS1 black hole masses (Decarli et al. 2008a) . Each class of AGN will have a different bias in the M BH estimates, proportional to the average value of f 2 ( f 2 ) over all the allowed orientations:
where θ M is equal to θ BLS1 = 40
• for the whole Seyfert I population, θ NLS1 = 15
• for NLS1s, θ RL−NLS1 = 7
• for RL-NLS1s and θ γ−NLS1 = 4
• for γ-NLS1s. The correction factor to remove the projection effects for a specific class of AGN is therefore
with α NLS1 ≈ 6.3, α RL−NLS1 ≈ 12.8, and α γ−NLS1 ≈ 17.1. We stress that: (1) the larger correction for the RL-NLS1s would increase the disagreement between the observed distributions of M BH in RQ-NLS1s and RL-NLS1s discussed by Järvelä et al. (2015) , hinting at an even larger impact of the observational biases discussed in section 2; (2) the limited variation between α RL−NLS1 and α γ−NLS1 is due to the H/R term in Eq. 6. A larger value of H/R ≈ 0.2 would result in smaller and more similar correction factors: α NLS1 ≈ 3.6, α RL−NLS1 ≈ 5.2, and α γ−NLS1 ≈ 5.8.
Discussion
We presented a simple geometrical unification model based on the assumption that a fraction of RQ-NLS1s (∼ 50%), RLNLS1s and γ-NLS1s are classified as such only because of their orientation. Here we discuss our model in the broader context of NLS1s, commenting on possible tests.
Within the same scenario, Smith et al. (2004 Smith et al. ( , 2005 have theoretically predicted that, when observed in polarized light, NLS1s should have a low polarization fraction, the polarization angle should change monotonically from one wing of the BELs to the other, and the BELs should be significantly broader than those observed in direct light (Smith et al. 2004 (Smith et al. , 2005 . Here it is assumed that polarized BELs are scattered into the line of sight by material that is close to coplanar with the BLR (i.e. the torus). Such prediction has been searched for in RQNLS1s, but many objects have not been detected in polarized light, and none of the detected show any significant broadening of the BELs (e.g. Goodrich 1989; Breeveld & Puchnarewicz 1998; Kay et al. 1999) . On the other hand, only one RL-NLS1 (PKS 2004-447) has been object of a spectropolarimetry study (Baldi et al. 2016) , and the three predicted features have been observed, with a FWHM in the polarized Hα of ≈ 9000 km s −1 . Here we propose for the first time a simple scenario that can resolve such apparent tension between the two classes of NLS1s. We speculate that in those NLS1s that are intrinsically without a jet (a fraction of the RQ-NLS1) a significant fraction of polarized light could be due to polar scattering of the BELs, by material above the BLR, as observed for type II AGN (Antonucci 1983; Miller & Antonucci 1983; Antonucci & Miller 1985) . A polar-scattered component could easily overwhelm the planarscattering contribution, predicted to result in low polarization fractions for face-on objects because of the axi-symmetry of the scattering material. In RL-NLS1s, on the contrary, the jet could evacuate the intervening material, resulting in a lower degree of polarization in which only the broadened component of the BEL is left. The evacuation of the polar material by a jet closely aligned with the line of sight has been already proposed by Ghisellini & Sbarrato (2016) to account for the lack of high-z blazar parent population. Such simple speculative scenario can be tested through spectropolarimetry of a larger sample of RLNLS1s.
As a note of caution, we discussed only the radio and γ features of NLS1s, and the properties of their optical BELs. Other peculiarities are characteristic of this class of AGN. As an example, NLS1s show weak [OIII] emission when normalized to the Hβ line, explained both by the low-M BH and geometrical scenarios as a consequence of weak thermal emission at high (UV) frequencies. While in the low-M BH scenario this high energy cut-off is supposedly caused by the self shielding of the optically and geometrically thick innermost (hotter) parts of a close-to-or super-Eddington accretion disc (see e.g. Boroson 2002) , in the geometrical scenario such self-shielding is not required, as the innermost parts of the accretion discs are naturally colder. We stress that such geometrical model is in agreement with the infrared-to-UV SED fitting discussed for example by Calderone et al. (2013) . In addition, NLS1s show a steeper/more variable X-ray continuum with respect to the bulk of the type I AGN population. These features have been interpreted as due to higher Eddington ratios in the low-M BH scenario 7 , but is also consistent with the "aborted jet" model (Ghisellini et al. 2004) , in which a weak radio jet (similar to the ones discussed in the geometrical model for RL-and γ-NLS1s) is responsible for the highly variable X-ray emission. In both models the Comptonization of optical-UV photons produced in the accretion disc onto the non-thermal electrons is responsible for the steepness of the X-ray spectrum, as long as most of the accretion energy is released in the accretion disc and not directly into the non-thermal electrons of the corona/jet. Although the geometrical model explains many different aspects of the NLS1s and in particular jetted NLS1s, further theoretical effort is needed to reproduce all the features that characterize such class of AGN. In particular, to our knowledge the peculiar FeII intensity is not an immediate prediction of the geometrical model, and certainly requires some additional investigation.
In conclusion, the geometrical model has already been successfully applied to a RL-NLS1 (Baldi et al. 2016) , and it could explain the blazar-like behavior of the RL sub-class. Nevertheless we cannot firmly constrain the relative fraction of faceon NLS1s vs. those powered by an undermassive BH accreting close to its Eddington limit. Of particular interest in this regard is the study by Sani et al. (2010) , in which the ratio between star formation activity and AGN emission (R) has been estimated both for NLS1s and BLS1s. The R parameter does not depend in any way on the assumed mass of the central BH, hence is not affected by possible orientation effects. Although a significant fraction of NLS1s lies in the same region of the (M BH -R) plane as the BLS1s, the NLS1 sample shows overall an enhanced star formation with respect to the BLS1s. It would be interesting to check whether the star formation properties can be used to discriminate among the two scenarios.
